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Definitions of death  are mostly negative.  We  call  an  organism 
dead when it shows no more the symptoms which we consider char- 
acteristic of life.  Staining with certain dyes, which is frequently used 
as a distinction between living and dead cells, is also a  negative cri- 
tenon, being caused by the loss of selective permeability of the plasma 
membrane.  The  standard  definition  of  bacteriologists  considers  a 
bacterium dead if it does not produce colonies on agar;  the  criterion 
is loss of reproductive power. 
To establish a basis for comparison, the authors compared the death 
rates of a  pure culture yeast as measured by various criteria.  The 
yeast was a  bottom-fermenting beer yeast, grown  on  raisin  extract 
+  0.5 per cent yeast extract +  0.5 per cent KH2PO4.  After 2 days' 
growth at 30  ° , the yeast was centrifuged from its medium and kept 
near 0  ° in a buffer solution of pH 4.6. 
The criteria observed were:  (1)  loss of reproduction, measured by 
the plate count on raisin agar; (2) loss of fermentation, measured by 
the COs pressure from 3 cc. of yeast suspension in glucose, by means of 
a fermentometer (Rahn,  1929);  (3) change of staining reaction, meas- 
ured by mixing equal amounts of yeast suspension and 0.01 per cent 
methylene blue solution;  (4)  loss of selective permeability, measured 
by mixing equal parts of yeast suspension and 0.2 per cent Congo red 
solution.  Cells which are stained by the last two methods are con- 
sidered to be dead.  In addition to this, the coagulation of the proto- 
plasm  was  observed occasionally, in  the  dark-field  (Bancroft  and 
Richter, 1931)  as well as in the light-field. 
* This investigation has been made possible through a grant by the Heckscher 
Research Foundation. 
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Four causes of death were tested:  (a) high temperature, near 50°C.; 
(b)  chemical poisoning,  represented  by  HgC12;  (c)  ultraviolet  light, 
TABLE  I 
Survivors  of Yeast Cells,  under  Various  Conditions,  Measured by Different  Criteria 
Time of exposure  Plate count, cells  per cc. 
Percentage of cells not stained by  MercurYin  6 min.pressure ] 
from 3 cc. of yeast  p 
suspension  Methylene blue  [  Congo red 
Exposed to 0.025 per cent HgCI2 
rain. 
0 
2.5 
5 
10 
20 
40 
382,000,000 
170,500,000 
86,900,000 
31,600,000 
8,500,000 
130,000 
mm.Hg 
21.6 
6.75 
3.40 
2.40 
1.20 
#er cent 
100 
83.4 
64.8 
34.8 
13.6 
7.9 
#er ce~,~ 
100 
82.6 
58.4 
47.8 
26.4 
9.4 
Exposed to 50°C. 
0 
2.5 
5 
10 
20 
40 
264,000,000 
253,000,000 
234,800,000 
46,700,000 
1,100,000 
10,000 
18.00 
10.50 
7.00 
6.00 
3.00 
0.20 
100 
94.3 
87.2 
82.9 
75.7 
20.0 
100 
93.0 
85.9 
82.4 
71.8 
17.7 
Exposed to ultraviolet light 
0 
2.5 
5 
10 
20 
40 
489,500,000 
302,500,000 
390,500,000 
135,300,000 
16,200,000 
500,000 
31.3 
25.5 
21.3 
20.0 
19.0 
13.8 
100 
102.9 
103.3 
100.6 
99.5 
97.0 
Exposed to x-rays 
0 
2.5 
5 
10 
20 
40 
630,000,000 
545,000,000 
445,000,000 
282,000,000 
170,000,000 
145,000,000 
35.6 
36.0 
34.0 
30.7 
24.0 
24.0 
100 
102.1 
109.8 
107.3 
106.2 
100.9 
from a mercury vapor lamp, unfiltered; (d) x-rays, from two Coolidge 
tubes, one operated at 80 kv., 4 ma., with the yeast about 10 cm. from OTTO  RAItM  AND  MARGARET NOBLE  BARNES  581 
the molybdenum target, and the other with 100 kv., 15 ma., with  the 
yeast 16 to 23 cm. from the tungsten target. 
TABLE  II 
Percentage of Survivors as Measured by Various Definitions 
Time  of exposure  ]  Plate count  i]  CO~ pressure  CellsmethylenenOt  stainedbluebY 
Exposed to 50.8°C. 
m/n. 
0 
2.5 
5 
10 
20 
40 
100 
83.5 
20.3 
0.0002 
0.000006 
0 
100 
90.2 
35.2 
5.1 
2.5 
0 
100 
90.1 
44.5 
39.6 
19.5 
0 
Exposed to 0.025 per cent HgC12 
0 
2.5 
5 
10 
20 
40 
100 
44.5 
22.7 
8.3 
2.3 
0.3 
100 
31.2 
15.7 
11.1 
5.5 
100 
83.5 
64.8 
34.8 
13.6 
7.9 
Exposed to ultraviolet light 
0 
2.5 
5 
10 
20 
40 
100 
69.7 
57.6 
27.4 
1.8 
0.7 
100 
79.0 
61.3 
60.0 
60.0 
39.0 
100 
103.4 
100 
94.2 
94.5 
85.8 
Exposed to x-rays 
0 
2.5 
5 
10 
20 
40 
100 
96.4 
95.0 
79.0 
76.0 
21.4 
100 
94.5 
97.8 
97.8 
98.7 
78.4 
100 
98.6 
99.3 
99.3 
97.9 
95.8 
In  each  experiment,  the  survivors,  as  measured  by  the  various 
criteria, were determined after  2.5, 5,  10, 20,  and  40 minutes'  expo- 582  DIFFERENT  CRITERIA  OF  DEATH  IN  YEAST 
sure  to  the harmful  influence.  In  the  case of HgC12,  1 cc.  each  of 
0.1 molar potassium sulfide and 0.5 per cent ammonium chloride were 
given to 4 cc. of yeast suspension at these intervals,  as antidote. 
Samples of the  results  obtained  by this  method  of procedure  are 
shown in Table I. 
From these data,  the percentages of survivors for each criterion of 
death  were  computed.  Table  II  shows the  kind  of  data  obtained. 
They show that with the four causes of death, the  different  criteria 
do not appear simultaneously.  Only between the two dyes, no essen- 
tial difference was observed, and they will be treated here as identical 
criteria.  The decrease in the power of reproduction is always much 
larger  than  that  of fermentation,  and  this  again  is  larger  than  the 
decrease in  resistance  to  dyes.  There  was practically  no  difference 
between the two dyes tested, methylene blue and Congo red, though 
it is supposed by some authors that the first might indicate loss of the 
reducing power of the protoplasm,  while the other indicates the per- 
meability of the plasma membrane. 
In  drawing  conclusions  from  these  data,  it  must  be remembered 
that we are dealing with averages, and not with individual  cells.  We 
observe that more cells lose the reproductive power than the capacity 
to ferment.  It is only an assumption, however, if we state that a cell 
first loses its faculty to grow, and then  the faculty of  fermentation, 
and  third,  the  faculty  of  selective  permeability.  It  has  not  been 
shown that only those cells which have lost the power to make  colo- 
nies,  lose their  fermentative powers, and that this  must  precede  the 
staining with dyes.  There is some evidence for part of this sequence, 
but no proof.  Since we have no means of separating  "living"  from 
"dead"  cells, this proof could be brought only by observing the suc- 
cession of criteria in isolated cells.  This seems  not  entirely  impos- 
sible, but very difficult to do. 
For each criterion in each experiment,  the death rate  can be com- 
puted.  Plotting the logarithms of the percentages of survivors against 
time, the resulting survivor curves are either straight lines or "sagging" 
curves.  Rarely were bulging curves obtained. 
Basically, the  formula  for  the  death  rate  with  straight, and  even 
with sagging,  survivor curves (Rahn,  1930)  is 
1 
K  =--(log a--log b) 
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where a is the initial number of cells and b the survivors after the time 
t.  Calculating  the  survivors  in  percentages  of  the  initial  number, 
we have 
1 
K  =  -- (2  --log  b) 
l 
For different criteria of death in the same experiment,  the formula 
would be 
K'  =  I  (2  --  logb') 
t 
1 
K"  =  "  (2  --  log b") 
The ratio of these two rates which indicates how much faster the one 
symptom appears  than  the  other,  is 
K  p  2  -  log  b ~ 
K"  -  2  -  logb" 
Instead  of  computing  these  ratios,  they were  obtained  graphically 
from the smoothed logarithmic  survivor curves where 2  -  log b can 
be measured directly and accurately.  The ratio is correct only when 
the survivor curves are  rectilinear.  When they are all sagging,  the 
ratio is fairly accurate, for the sagging indicates that the more sensi- 
tive individuals are affected essentially in the same way.  In the few 
cases where the curves for one criterion go one way and for another 
criterion in a  different way, no reliable comparison is possible; these 
cases have been omitted. 
The  ratios  are given in  the next  table.  In order  to  allow direct 
comparison and averaging of the data,  the ratios are all computed so 
that the loss of fermentation is 1 in each case. 
Discussion  of Results 
The averages of the death rate ratios appear as the most interesting 
result of this investigation.  There is a tendency in these averages of 
the plate count ratio to increase with time.  In the case of death by 
ultraviolet light, this increase is so large, and at the same time, a cor- 584  DIFFERENT  CRITERIA  OF  DEATH  IN YEAST 
responding decrease of the methylene blue  ratio  is  so  conspicuous 
that this cause of death will be treated separately. 
In averaging all the data of death caused by heat and by bichloride 
of mercury, the ratio  of death as indicated by methylene blue,  by 
TABLE  III 
Ratios of Death Rates 
Methylene blue staining  C02  [  Loss of reproduction 
Death by heat 
min. 
2.5 
5 
10 
20 
40 
ttdn, 
2.5 
5 
10 
20 
40 
Exp. 
XlII 
1,00 
0.56 
0.31 
0.41 
Exp.  Exp.  Exp. XIV  XV  XVI 
I 
0.14  0.14  1.63 
0.16  0.15  0.77 
0.14  i0.10  0.52 
0.15  0.17  0.51 
0.66  --  0.54 
1 
1 
1 
1 
1 
]~xp, 
XIII 
1.60 
1.30 
3.10 
3.24 
Exp. 
XIV 
0.09 
0.14 
1.34 
1.80 
4.31 
Averages 
0.73  1  1.13 
0.41  1  0.88 
0.27  1  2.21 
0.31  1  2.44 
0.60  1  -- 
Exp. 
XV 
1.08 
1.57 
1.81 
3.06 
Exp, XVI 
1.75 
0.46 
2.58 
1.66 
Death by HgC12 
rain. 
2.5 
5 
10 
20 
Exp. 
XXI 
2.5  0.26 
5  0.13 
10  0.26 
20  0.27 
40  0.37 
Exp. 
XXIV 
0.38 
0.53 
0.56 
0.96 
Exp. 
XXV 
0.15 
0.24 
0.46 
0.70 
Exp. 
XXVI 
0.09 
0.36 
0.83 
0.83 
1 
1 
1 
1 
1 
Exp, 
XXI 
1.30 
1.18 
1.78 
2.34 
2.50 
Exp. 
XXIV 
1.90 
1.30 
1.95 
2.05 
Exp.  Exp. 
XXV  XXVI 
0.69  0.75 
0.80  0.71 
1.08  1.33 
1.30  1.46 
Averages 
0.22  1  1.16 
0.32  1  1.00 
0.53  1  1.54 
0.69  1  1.79 OTTO  RAHN  AND  MARGARET  NOBLE  BARNES 
TABLE  III--Concluded 
585 
Methylene  blue staining  COz  ]  Loss of reproduction 
I 
Death by ultraviolet light 
Exp. XX 
raln. 
2.5 
5 
10 
20 
40 
mln. 
2.5 
5 
10 
20 
40 
Exp. 
XVII 
0.25 
0.11 
0.05 
0.14 
0.07 
Exp. 
XVIII 
Not 
deter- 
mined 
Exp. 
XIX 
0.36 
0.05 
0.19 
0.03 
0.02 
(*) 
(o~) 
(0.03) 
1 
1 
1 
1 
1 
Exp. 
XVII 
0,75 
2.26 
1.54 
2.94 
]Exp. 
XVIII 
1.56 
0.67 
3.04 
3.82 
4.95 
Exp. 
xIx 
2.27 
0.91 
2.16 
5.81 
5.61 
Averages 
0.30  1  1.62 
0.08  1  0.74 
0.12  1  2.41 
0.09  1  4.05 
0.05  1  5.46 
1.91 
0.63 
2.16 
5.04 
8.34 
Death by x-rays 
m/n. 
2.5 
5 
10 
20 
40 
m/n. 
2.5 
5 
10 
20 
40 
3.5  2.4 
3.9  7.9 
4.3  8.1 
4.4  7.9 
3.5  8.3 
x~i 
10.0 
8.5 
8.5 
6.3 
5.8 
Averages 
1  9.9 
1  10.t 
1  9.3 
1  7.7 
I  6.6 
20.0 
20.0 
16.4 
12.2 
9.0 
fermentation, and by plate count, is 0.46:1:1.52, or, in round numbers 
1:2:3. 
With x-rays, death as indicated by methylene blue or Congo  red 
was too slow to be measured.  Even the fermentation was but slightly 586  DIFFERENT  CRITERIA  OF  DEATH  IN  YEAST 
reduced, and the ratio of fermentation to plate count was very large, 
averaging 8.5.  This difference is important.  It indicates that loss 
of reproduction is not the immediate cause of the loss of fermentation. 
If so, the ratio should be approximately the same with all causes of 
death. 
In death by ultraviolet light, the ratios do not remain constant, but 
increase with the time of exposure.  While at first, after 2.5  minutes, 
the ratios of death by the three symptoms are 0.3  : 1:1.16, or roughly 
1:3:4,  they increase  after 40  minutes to  roughly 1:20: 110.  Death 
as indicated by methylene blue is very slow, and it seems that only a 
few weak cells are killed rather early while the rest are too resistant to 
succumb to these rays.  But the ratio Fermentation is also increasing 
Plate count 
with time.  The survivor curve  for the  plate  count  is  nearly recti- 
linear, while that for fermentation is distinctly sagging.  This appears 
strange because we are dealing with the inactivation of an enzyme; 
if this were a multimolecular  process, the curve should bend in the oppo- 
site  direction.  The  curve  suggests  that  the  enzyme molecules  are 
not  all  equally resistant  to  ultraviolet light;  some  are  more  easily 
inactivated than others. 
Loss of reproduction may be caused by a  chemical change of one 
gene.  It may or may not involve the repair mechanism of the cell. 
If the cell has lost the faculty of substituting new molecules for those 
used up in endogenous catabolism, the fermenting capacity  must be 
expected to decrease, but this decrease is very slow  (Rubner,  1913), 
even more so than that observed under the influence of x-rays.  This 
would suggest that  the loss of fermenting capacity as  observed  in 
these experiments must be largely due to a direct action of the harm- 
ful agent upon the enzyme itself.  It should be remembered, however, 
that the zymases are for the most part not liberated, but combined 
with some part of the protoplasm, and that death of the cell means 
inactivation of this portion of the zymase (Rubner,  1913~ yon Euler 
and Lindner, 1915).  Since the type of the compounds to which the 
z)nnases are anchored and their biological significance are not known, 
nothing further can be concluded from the material at hand. 
The tendency for the ratio of loss of reproduction to loss of fermen- 
tation to become larger with time indicates that the survivor curves OTTO  RAHN  AND  MARGARE.T  NOBLE  BARNES  587 
of  the  two  processes  are  not  both  strictly  rectilinear.  Either  the 
slower process has  a  slightly sagging curve,  or the faster process  a 
slightly bulging curve. 
The loss of selective permeability is considerably slower than the 
loss of fermenting capacity.  The ratio fluctuates greatly because the 
error in the determination of survivors is quite large.  The ratio is 
approximately the same with death by heat and by chemical poison- 
ing.  With  x-rays,  there was  no  death  at  all  outside  the  limits  of 
error when methylene blue was used as criterion, and very little death 
with ultraviolet light. 
It is not possible to decide from these experiments whether loss of 
fermentation is the prerequisite for dye penetration.  If some energy 
should be required to keep the cell membrane semipermeable, loss of 
fermenting capacity may mean loss of all energy, and therefore loss 
of semipermeability.  It is just as likely, however, that  the heat or 
poison acts upon the cell membrane as well as on zymases and chromo- 
somes, and ultimately brings about loss of selective permeability in- 
dependent of the changes in the inner cell mechanism. 
The last criterion tested was the coagulation of the protoplasm which 
has been claimed by Bancroft and Richter (1931) to be the fundamen- 
tal  reaction of death in  disinfection experiments.  The  coagulation 
of yeast plasma under harmful influences, as seen in the  dark-field, 
is a very gradual process.  The normal yeast cells contained ordinarily 
only one or two reflecting granules.  The number of these granules 
increased under adverse conditions, and  the decision whether a  cell 
should be called coagulated or not is entirely arbitrary. 
A yeast suspension was mixed with an HgC12 solution so as to con- 
tain 0.025  per cent HgCI~.  A drop of this mixture was placed in the 
dark-field, and the number of "living" and "dead" cells counted every 
minute, with continuous shifting of the field, and with occasional re- 
newal of the drop from the same suspension.  After 2.5,  5,  10,  20, 
and 40 minutes, samples of the same suspension were shaken with the 
antidote mixture, and were investigated as usual.  The result  of one 
such experiment is given in Table IV and Fig. 1. 
Coagulation of the protoplasm is the last evidence of death to appear, 
even though the authors  considered the yeast cells coagulated long 
before they became as opaque as shown in the microphotographs by 588  DIFFERENT  CRITERIA  OF  DEATH  IN  YEAST 
TABLE  IV 
Percentages  of Survivors as Measured by Various Criteria 
Time of  Coagulation  Methylene  Plate  Time of  Coagulation 
exposure  blue  exposure 
Start 
2 
2.5 
3 
4 
5 
6 
7 
8 
9 
I0 
13 
14 
15 
16 
17 
18 
19 
2O 
2[ 
83.5 
76 
76 
83 
62 
76 
80 
76 
67 
67 
80 
65 
62 
7O 
70 
76 
67 
66 
43 
71.4 
31.6 
23.7 
4.8 
100.0 
0.7 
~nin. 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
75 
65 
49 
42 
69 
59 
30 
26 
22 
11 
24 
8 
8 
17 
9 
9 
5 
1 
0 
I  ..  2? 
B 
30  r~;nate~ 
FIO. 1.  Logarithmic survivor curves for the same yeast in 0.025 per cent HgCI2 
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Bancroft and Richter.  There is a long period of no deaths, and the 
logarithmic survivor curve is very bulging, which makes an accurate 
calculation of the death rate impossible.  Using the datum of the 30 
minute  period  for the coagulation rate,  the following ratios are ob- 
tained: 
Coagulation  :  methylene  blue  : plate count =  1:6:43. 
It is very improbable from these facts that coagulation of the pro- 
toplasm is the real cause of death; i.e., the fundamental reaction.  Co- 
agulation should not be considered as an explanation of disinfection, 
because the term disinfection is standardized as the loss of reproduc- 
tive power of microorganisms, and this loss occurs forty times as fast 
as coagulation. 
Coagulation in the light-field can be observed soon after coagula- 
tion  in  the  dark-field.  No  quantitative  measurements of  this  cri- 
terion have been made. 
The  senior author has  advanced the theory that  the  logarithmic 
order of death of bacteria, which contrasts strikingly with the order 
of death of higher organisms, may be brought about by the fact that 
the destruction or inactivation of one single molecule (e.g. in one cer- 
tain gene) prevents further cell division.  The destruction of enzyme 
molecules by heat is probably a monomolecular reaction (Tammann, 
1895), and a rectilinear logarithmic "survivor curve" may be expected. 
Loss of  semipermeability, however, can  hardly be a  monomolecular 
process, and if semipermeability were destroyed purely according to 
chemical reaction,  a  bulging  "survivor curve"  should  be  expected. 
However, all experiments show rectilinear or sagging curves. 
The Recovery Problem 
This problem is an entirely different one with unicellular and multi- 
cellular organisms.  In the latter case, recovery may be accomplished 
if the uninjured cells possess sufficient vitality to reproduce, and thus 
to replace the inactivated cells by active ones.  It may even be that 
the remaining uninjured ceils are sufficient to carry out their specific 
function for the entire organism. 
With unicellular beings, the simplicity of the cell mechanism makes 
recovery from injury more difficult; the simple multiplication of un- 590  DIFFERENT  CRITERIA  OF  DEATH  IN  YEAST 
injured parts is not possible.  One healthy cell can develop into two 
cells, but one enzyme molecule cannot develop into two such mole- 
cules.  Recovery of unicellular organisms means the reconstruction 
of a lost function. 
Boycott (1920)  raised the question whether bacteria can recover at 
all, considering the simple chemical appearance of their order of death. 
The very slow development of bacteria on plate cultures after injury 
(see e.g. Eijkman, 1908), leaves no doubt that generally speaking, sin- 
gle cells can recover from injury.  For an analysis of this recovery, 
it is essential to consider the criteria used for death and injury. 
We have no means of testing for a  temporary loss of reproduction 
with bacteria.  This test is possible only in sexual reproduction.  The 
TABLE  V 
Percentage  of Dead Cells as Measured by Methylene Blue Count 
Examined  immediately  after  expo- 
sure ........................... 
2 hrs., 25 min. later ................ 
Length of exposure to HgCh 
0 min.  2.5 min.  5 min.  10 min.  20 min.  40 min. 
per cent  per cent  per cent  per cent  per cent  per cent 
0  44.8  61.8[  72.0[  75.4  I  82.7 
0  67.2  [  75.0[  81.1  [  85.6]  87.5 
observation  of  greatly  delayed growth  need  not  necessarily imply 
injury of the growth mechanism, but might be explained through in- 
juries of the energy-furnishing mechanism.  It is generally assumed 
by cytologists and geneticists that a  gene once destroyed can never 
be replaced by the cell.  The cell either loses the power to reproduce, 
or if it reproduces, all the offspring lack this one gene and therefore 
differ from the original strain.  It is not probable that microorganisms 
should make an exception to this rule.  The growth mechanism con- 
sists  of many other parts besides the genes, and these may be also 
very sensitive, but replaceable as long as the genes are intact. 
Recovery of the fermenting capacity of the cells seems very prob- 
able.  It has been shown by Buchner, Buchner, and Hahn (1903)  that 
the zymase content of yeast cells may be increased by storing the com- 
pressed yeast on ice.  Zymases must have been produced by the cells OTTO  RAHN  AND  MARGARET  NOBLE  BARNES  591 
once, and it is imperative that this faculty continue at least as long 
as the cell is capable of reproduction. 
In most of our experiments, the fermenting capacity of the injured 
yeast was tested within 30 minutes after exposure, and again 2 to 4 
hours later.  There was a decided increase in the rate of fermentation 
during this time, but this was also the case with the controls, as one of 
the  authors  (Rahn,  1929)  has  shown before.  The  reason  for  this 
increase has not been explained satisfactorily as yet, unless it be due 
to production of more zymase by old cells in fresh sugar solution.  For 
this reason, a recovery from injury cannot be considered proved. 
The same test was applied to the methylene blue counts.  If there 
were recovery, the percentage of "dead" cells immediately after ex- 
posure should be larger than a couple of hours later.  The experiment 
did not verify this (Table V). 
Bancroft and Richter mention (page 516)  that the phenomenon of 
protoplasmic coagulation is reversible with yeast, without, however, 
giving records of the numbers of cells tested or proving that the "re- 
covered" cells were really living.  We have not repeated these ex- 
periments. 
SUMMARY 
Different criteria of death have been compared experimentally and 
quantitatively.  Pure cultures of a yeast have been subjected to ad- 
verse conditions, and the number of dead cells, judged by different 
tests, has been determined in successive time intervals.  The yeast 
cultures were exposed to heat, to HgCI~, to ultraviolet light, and to 
x-rays. 
In each case, the cells lost the power of reproduction (measured by 
the plate count) most rapidly.  The loss of fermentation (measured 
by the COs pressure) was less rapid.  Still slower was the  change in 
staining reaction with methylene blue, and the loss of selective per- 
meability of the plasma membrane (measured by the percentage  of 
cells staining with Congo red).  Slowest of all was the coagulation of 
protoplasm as observed in the dark-field. 
In the case of death by heat or by HgCI,, the rate of loss of reproduc- 
tion was about twice as rapid as that of the loss of fermentation, about 
three times that of the loss of semipermeability, and about forty times 592  DIFFERENT  CRITERIA OF  DEATH IN  YEAST 
as large as the rate of coagulation.  With  ultraviolet  light  and with 
x-rays, these ratios were decidedly different. 
The technique  employed does not permit  the  conclusion that  any 
one criterion  of death  is the prerequisite  for other criteria.  It does 
not appear probable that  loss of reproduction  is the prerequisite  for 
loss of fermentation  or of semipermeability because the ratios of  the 
velocities of these processes are not the same with all causes of death. 
There is no evidence that  cells may show certain  criteria of death 
immediately after exposure, and  recover later. 
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